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ABSTRACT
A simple and convenient but quantitative system
was developed to measure the progressive motility of
mammalian spermatozoa. Of a big variety of chemicals,
including sugars, phosphodiesterase inhibitors, known
antiswarming agents and metallic ions tested, these
compounds can be functionally divided into three groups:
the motility stimulator, the motility inhibitor and
-the inert ones. To our amazement, a macromolecular
component in the seminal plasma was found to exhibit
high progressive motility stimulating effect. This
component is heat. labile, cold stable and resistant to
dehydration. Other preliminary studies of this com-
ponent were taken.
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1CHAPTER I GENERAL INTRODUCTION
A. Spermatogenesis
Spermatogenesis is an elaborate Cytological pro-
cess by which a spermatogonial stem cell produces the
spermatozoa. This process of cell differentiation lasts
five to eight weeks, depending on the animal species,
and takes place within the delicate ceminiferous tubules
forming the bulk of the testis.
Spermatogenesis can be divided into three phases,
each presenting well-characterized and distinctive cyto-
logical f tares. The first phase is related to the
youngest cells of the germ cell line, the spermatogonia
most of these cells proliferate to give rise to spermato-
cytes, while the remainder maintain their own number by
renewing themselves. The second phase involves the prima-
ry and secondary spermatocytes that go through a process
of reductional or meiotic divisions leading to the forma-
tion of haploid cells, the spermatids. Each of these
spermatids, in the third phase, goes through a complex
metamorphosis leading to the production of a highly
differentiated cell, the spermatozoon.
2B. Sperm Maturation
Spermatozoa', formed in the seminiferous tubules,
are transported form the testis, via the rete testis, into
the excurrent duct system. This system is comprised of
several ductuli efferentes that empty into a single, high-
coiled ductus epididymidis, which ends in the straight ductus
deferens. Spermatozoa remain in the duct system for vary-
ing periods of time before being ejaculated, and during
this time they change from functionally immature cells that
are' unable to fertilize an egg to cells with full fertili-
zing capacity (Blandau and Rumery, 1964 Overstreet and
Bedford, 1974). Perhaps the most obvious visible change
during maturation is the attainment of motility: spermato-
zoa removed from the r.ete testis are completely immotile,
whereas those from the caudal epididymi.s are highly motile.
At the same time, chaiLges in metabolic pattern are also
observed. Testicular spermatozoa show much lower rate of
glycolysis and slightly lower rate of respiration than the
epididymal counterpart. On the contrary, these testicular
spermatozoa possess greater biosythetic ability, incorpora-
ting more carbon moieties from glucose into amino acids,
into the glycerol moiety of certain phospholipids, and into
inositol. The Pasteur effect is more pronounced in testi-
cular spermatozoa and the anaerobic rate is usually compar-
able to the maximum glycolytic rate observed in epididymal
3or ejaculated spermatozoa of the same species (Setchell
et at., 1969). These metabolic pattern change may in fact
geared to supply substantial basis for the acquisition of
motility which is a necessity for a spermatozoon to execute
its proper function.
C. Ejaculation
Mature spermatozoa from the epididymides are ejacu-
lated together with secretions from the accessory glands
at the time of orgasm. All mammals have at least one
accessory gland in common, the prostate which produces some
of the fluids in the semen. In most mammals, there are
several more pairs of glands such as the ampullary glands,
the coagulating glands, the seminal vesicles, the Cowper s
glands and the preputial glands. These glands are highly
developed in rodents which provide the majority secretion
in the seminal fluids (Sadleir, 1973). The volume of semen
at one ejaculation varies from 0.5-2 ml in ram to 150-500
ml in boar (cited in Setchell, 1977).
D. Sperms in Fertilization
Transport of sperm: approach to female gamate: The
participation of spermatozoa in the mammalian fertilization
process is characterized by several processess. The major
visual activity of the spermatozoon is its motility. Sperm-
4atozoa deposited in the vagina are transported to the
oviducts rapidly. In pigs and horses, the spermatozoa,
being ejaculated directly into the uterine cavity as
the result of relaxation of the cervical opening at the
time of coitus, are found in the uterine cavity shortly
(Mann et al., 1956). But in rabbits, the time required
for sperm passage into the uterus may vary from 1 to 3
hours, possibly because the spermatozoon passes through
the cervix by own motility (Bedford, 1971). Although
in some animal species, spermatozoal transport may be
achieved in part by contraction of the female genital
tract walls and the beating of ciliated cells of the
mucosa, yet spermatozoal motility seems to be universally
required, especially in the passage of the spermatozoon
through the egg investments, that is, the matrix of
cumulus ouphorus, the corona radiates and the zona pellu-
cide (Soupart, 1976).
Changes in spermatozoal physiology: capacitation
and the acrosome reaction: Capacitation, the process in
which spermatozoa prepared for passage through the egg
investments, initiates the activity of several sperm
acrosomal enzymes in many mammalian species, including
humans. This cellular preparational process is achieved
synergistically and efficiently in the female tract
5sequentially (Chang, 1951), or outside the female tract
(Bavister, 1973 Brackett and Oliphant, 1975). Biochem-
ically speaking, capacitation is the specific removal
.and/or modification of sperm-coating glycoprotein sub-
stances that stabilize the sperm membranes (Reyes et al.,
1975) and the release or the activation of some acroso-
mal enzymes which are related to the process of sperm
penetration into the egg (Baccetti, 1976 Stambaugh and
Smith, 1976 Chang et al., 1977).
In capacitation, both the metabolic activity and
the motility of spermatozoa was reported to be obviously
increased for a forceful penetration into the egg. This
activation process, however reduces the survival time of
spermatozoa (Yanagimachi, 1970 Fraser, 1977).
Sperm activation: tremendous changes in egg: Fusion
of spermatozoon with the oocyte is a significant develop-
mental event in which it triggers the activation of
developing potential inherent to the oocyte. Within the
first few second of spermatozoon and egg contact, the
entered spermatozoon activates a successful blocking mechan-
ism to polyspermy. This is achieved by a rapid flow of
sodium ions into the egg, causing a brief voltage shift
resembling that of a nerve impulse to keep the super-
numerary spermatozoa from further entering. This is rein-
6forced by a train of changes beginning at about 20
seconds, with a sudden increase in the concentration of
intracellular level of calcium ions from its membrance-
bound storage which in term initiates the release of
the cortical grannules into the perivitelline space thus
causing a change of property of the zona pelucida to
prevent further sperm entrance. Almost simultanously,
the massive influx of sodium ions into the egg accompan-
ies a discharge of proton into the enviroment leaving
the cytoplasm more alkaline. It is this pH shift that
turns on the synthetic machinery of the egg after
fertilization (Nishioke, 1975), probably through enzymatic
activation mechanisms in the egg. A few seconds later,
an enz n:e is activated that converts about half of the
cell's supply of coenzyme NAD into NADP. The conversion
shifts the metabolism of the cell to a more reducing and
hence more synthesizing state. This is followed by a
great rise in oxygen consumption in the egg together with
a release of glucose-6-phosphate dehydrogenase into the
cytoplasm from storage depots inside the cell. At this
time, about five minutes after insemination, the rates
of protein synthesis also begin to rise. With the acti-
vation of other processes including the transport system,
various macromolecular building blocks are then available
7to allow for an immediate initiation of the first cycle
of DNA synthesis.
E. Aim of Spermatozoal Motility Studies
As aforementioned, spermatozoal motility is a
concrete factor for fruitful egg fertilization. In this
thesis, we will describe our work on standardizing an
assay system for evaluation of progressive motility in
spermatozoa of various mammalian species and the appli-
cation of this assay system in screening all possible
motility perturbating compounds for their effects. These
compounds include those stimulating as well as inhibiting
chemicals. The nature of some of these compounds have
allowed us to suggest an alternating method to bring
forth contraception (see Appendix I).
The finding of a forward motility component probab-
ly protein in nature in the boar semen opens up a new
area of our studies. This component is studied biochemi-
cally in order to bring out more insight about its mode
of action and is reported in Chapter IV.
8CHAPTER II AN ASSAY TO MEASURE THE SPERMATOZOAL
PROGRESSIVE MOTION
INTRODUCTION
Motility is an important index in determining the
fertilizing capacity of the spermatozoa. Unless the
spermatozoon is brought in contact with the egg, the
penetration process, which is the initial step in ferti-
lization -will never go ahead (Metz and Monroy, 1967).
It is apparent then, an assay of spermatozoal motility
is need for mechanistic study of spermatozoal physiology.
The most primitive method-in motility determinatioiL-
is the direct observation under a microscope (Emmens 1947
MacLeod, 1951 Dougherty et at., 1975). Technically, in
such a measurement the mode of spermatozoal motion as well
as the percentage of spermatozoa exercising that particular
mode of motion are reported as judged by the observer.
Usually, a scale of 1 to 5, is employed to denote the
extent of spermatozoal motility in the samples being ev-
aluated. In the scale, spermatozoa of very rapid progre-
ss4,ve motion, of slow progressive motion, of those with
vibration of flagella but having no progressive motion, of
those with weak vibration of flagella and of completely
9non-motile spermatozoa are graded from 1 to 5 correspond-
ingly. For a particular batch of spermatozoa, a numerical
motility index, which is the product of the mode of motion
and the percentage scored, can be assigned for descriptive
comparison (Dougherty et al., 1975 Cohen et al., 1977).
This assessment-is by far qualitative rather than quan-
titative. Furthermore, scores obtained by this observa-
tion, being directly related to human visual judgements,
frequently suffered from individual bias and inexactness,
are thus not too meaningful to be used as basis in cal-
culation for more detailed mechanistic studies.
Alternatively, Rikmenspoel et al..(1978) suggested
a semiquantitative assessment of spermatozoal motility.
He assumed that the number of flagellar beating is pro-
portional to the amount of spermatozoal forwarding dis-
placement and that a trained observer should be able to
measure with good accuracy the number of spermatozoal
beating of an individual spermatozoon being observed at
one instance. In view of the various mode of spermatozoal
motion, Rikmenspoel's measurement does not seemed to be a
highly quantitative assay.
Previously, two basic approaches have been attempted
in developing superfine motility measurements. These
10
include either a measurement of each individual in a
statistically significant number of spermatozoa (Harvey,
1960 Janick and MacLeod, 1970 Haesungcharern and Chu-
lavatnatol, 1973) or a measurement of the migrational
distance of the entire population (Nevo and Mohan, 1968
Ulstein, 1972 Sokoloski et al., 1977 Mills and Katz,
1978).
To measure the swimming speed of an individual
spermatozoon both the time required and the distance
travelled by the spermatozoon have to be monitored. In
the method devised by Harvey (1960), a slide with grid
square was employed. The path of individual spermatozoon
prepared from highly diluted suspension was followed and
the distance travelled at a timed interval was calculated
according to the number of squares transvered by the
spermatozoon being followed. Since the path across a
square may be paralled to the square, diagonal to the
square or at many other less-defined manners, the author
had devised a semi-quantitatively geometric conversion
factor to transcribe the observed path into a somewhat
more exact unit with the square as a standard. This con-
version, eventhough does not account for the three-
dimensional translation, gives good enough evaluation in
11
determining the motility profile of a 'population of
sperms.
Instead of tracking the pattern manually as prac-
tised by Harvey, the technique of microphotography has
also been introduced. In general it employs a time-
lapsed photographic recording which is then displayed
onto a screen in which one spot after the other, re-
presenting a sequential locations occupied by the motile
sperm in its course of swimming, is precisely traced and
the total distance conveniently measured for calculating
the swimming speed (Rothschild, 1953 Janick and MacLeod,-.
1970). On the other hand, the method of photographic
timed exposure recording of the number of spermatozoa
swimming across a line segment marked in the slide on which
the spermatozoa are suspended has also been employed (Baker
et al., 1957 Ojakian and Katz, 1973 Katz and Dott, 1975).
A very recent development in the analysis techno-
logy is the introduction of the image analysing computer
by Katz and Dott (1975). The image analysing computer
(Quantimet 720: Imanco Systems, Melbourn Cambridgeshire)
scans the field of a microscope equipped with phase-
contrast optics, and is capable of counting the number of
spermatozoa in a specified rectangular area of the field
12
at specified successive instants. The computer was
programmed to count either the total number of sperm-
atozoa in addition to the number of immotile spermatozoa.
By performing the screening at different instances, the
average sperm velocity of the observed population was
computed according to the equations described in Katz
and Dott's paper. This highly automatic technology,
however, cannot differentiate between slowly motile sperm-
atozoa from those nonmotile spermatozoa yet erroneously
detected as motile ones because of. microscopically
operating physical forces such as Brownian motions acting
on the spermatozoal suspensions.
l. ong the line in applying recent technology for
analysing motility tracks,*the quasi-elastic light
scattering technique is a new invention (Nassal, 1971
Jouannet et at., 1976 Hallett et at., 1978). This
technique correlates the velocity with the frequency
spectrum due to the Doppler effect and has been applied
more successfully in determining bacterial motility
(Nossal et at., 1971 Nossal and Chen, 1972), while its
usage in studying spermatozoal motility is still under
further consideration. After all, not many laboratories
can afford to have such an expensive piece of equipment
13
as image analysing computer or the quasi-elastic light
scattering apparatus.
The photographic technique, whenever applied,
will of course provide a more precise identification of
the swimming path of the motile organism and provides
the only means of tracking individual motile minute
organism. It has in fact been widely applied for
studying motile behaviour of individual organism in
prokaryotic cells as well as eukaryotic cells (Ojakian Katz,
1973). From the point of view of studying the motility
pattern of a large cell (sperm) population, however, the
photographic tracking of an individual or a few organisms
appears to be less preferred because of the great labour
involved in screening a large number of individuals to
give meaningful interpretation.
An assay of the motility profile of a suspended cell
(sperm) population can be easily and conveniently carried
out by the simple migration method. Historically, in
.1937, Phillips and Andrews experimented in vivo with ram
spermatozoa inseminating the cervix of an estrus ewe.
The ewe was sacrificed at 30 min. after insemination and
the distribution of active spermatozoa was determined at
various points in the ewe's genital tract (Phillips and
14
Andrews, 1937). In brief, this migration assay, or
penetration assay, which measures the distance travelled
by the spermatozoa have latter been broadly applied in
.studying spermatozoal motility in vitro, either with slides
(Barton and Wiesner, 1946 Guard, 1960) or capillary tubes
(Bergman and Gennser, 1959 Kremer, 1965 Carlborg, 1969).
In order to understand the kinetics of sperm penetration,
Kremer marked the capillary tube with scale and monitored
the entrance of spermatozoa in each zone at various time
intervals (1965). His work was followed by Ulstein in
the investigation of sperm fertility (1972). With cervical
mucus as the test medium, Ulstein was able to show that
the spermatozoa from human semen samples of good quality
penetrated rapidly, to more than 30 mm within an hour,
while those of poor quality penetrated only slowly and a
maximum penetration of less than 20 mm was observed. This
is a solid documentation, with a simple method, in which
spermatozoal motility and sperm fertility_have been corre-
lated. To facilitate microscopic observation, flat capil-
lary tubes were also been used (Mills and Katz, 1978).
Because of the success in applying the migration
method in studying spermatozoal motility in a large cell
(sperm) population, we initiated a series of experiments
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to establish a standard method for assaying sperm-
atozoal progressive motility with a hope to apply this
conveniently designed procedure to investigate into the
motility biochemistry of the spermatozoa. The assay thus
designed will carry-the following characteristics:
(1) use only small sample size,
(2) willm:easure the total motility of a reasonable
size of sperm population,
(3) allows the spermatozoa to execute three dimen-
sional movement,
(4) can be handled with great ease and give repro-
ducible results after some physical parameters
have been controlled and adjusted,
(5) use defined medium,
and (6) being not expensive.
In this chapter, the design of such an apparatus
are depicted and all assay conditions to give optimal
motility are also reported.
MATERIALS AND METHODS
A. Sample Collection
Boar semen: Boar semen was obtained from the Agri=
culture and Fisheries Department of Hong Kong. Large
16
White and Landrace strains with an average age-of two
and half years was collected by the artificial vagina
method as reported (Polge, 1972 Gomes, 1977). To
prevent exhaustive drainage, collection of semen from
each individual boar was limited to not more than once
every five days. The crude semen was first filtered
by sterilized gauge to remove gelatinous particles.
Sperm count and motility observation (a preliminary
monitoring of motility to elminate weakly motile semen
batch) were carried out on the haemacytometer under a
microscope. Only those batches with cell count between
150 and 300 million per ml and at least 70% progressively
motile were selected for experiments. Semen samples were
kept in thermoflask maintained at 15±1°C by cold water
for delivery and for storage. Usually, the samples were
diluted only for experiment purposes and the was no
motility loss during this storage period (Tsui et al.,
1975 Mann, 1967).
Rat semen and mouse semen: Rats of Spraque-Dawley
weighing 270-320 gm and mice of WHT strain (British)
weighing 25-50 gm were employed. Animals were killed by
decapitation immediately after light anaesthesia with
ether. The caudal epididymides were rapidly excised and
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trimmed from surrounding fat. Epididymides of rats
were punctured with 20 gauge needle whereas that of mice
were minced to release the sperms with the inclusions
into the appropiate buffer. Cell debris were removed by
passing the suspension through sterilized cotton cloth.
The quality of the spermatozoa was monitored microsco-
pically so that only collections from batches with 40%
(or higher) spermatozoa expressing rapidly progressive
motion were employed.
B. Cell Wash
Semen was centrifuged in a 10 ml centrifugal tube
for 3 minutes at 700 g (IEC Clinical Centrifuge) to
sediment the remaining gelatinous particles which have
not been removed by filter. For further washing, super-
natant was centrifuged at 1300 g for 5 minutes at room
temperature. The sedimented spermatozoal population were
resuspended gently in 10 ml buffers unless specified,
the buffer chosen was isotonic Tris-HC1. In routine
assays, four washings were required.
No washing was applied to epididymal spermatozoa
obtained from mice and rats (see Results and Discussions).
In all experiments, except those aimed to study the con-
18
centration response, the final spermatozoal concentration
was adjusted to 10 x 106 sperms per ml.
C. Media
Isotonic Tris-HC1 buffer (Isotris) at pH 7.0 was
used as the washing and suspending medium for semens from
all three animals through out the entire study. The
buffer was prepared by dissolving 20.8 gm (172 mM) of
2-amino-2 (hydroxymethyl)-1,3-propandiol (Tris) in 1 litre
of distilled water and the pH of the solution was adjust-
ed to 7.0 by the addition of 11.6 M hydrochloric acid
(Hanahan and Ekholm, 1974). This solution give an osmo-
larity of 290 mOsm per litre. To prepare various buffer-
media for spermatozoal motility study,.100 mM of each of
the buffers: borax, citric acid, piperazine dihydrochloride
(pipes), phosphoric acid, N-hydrooxyethylpiperazine-.2-
ethane-suphates (HEPES) and Tris was used as reported
(Sober, 1972). Their osmolarity were adjusted with NaCl
to 290 mOsm per litre. All chemicals used were of analyti-
cal grade.
D. Motility Assay Chamber
A plastic chamber was constructed to assay spermato-
zoal motility based on an idea similar to that of Palleroni'
for studying bacterial chemotaxis (1976). The chamber
19
contains essentially one compartment for storing sperma-
tozoal suspension with a channel or channels leading to
the compartment. The capillary tube(s) that spermatozoa
tend to penetrate, is.. horizontally laid into the channel..
The chamber can be constructed with the compartments
located either at the circumference (circumferential well)
or in the centre (central well) depending on the size of
the sample to be experimented on (see Figure 2-1). The
central well chamber was used mainly for studies of sperm
entry in a time course where larger sample size was needed.
It is assumed in this method as in all migration assays
that the rate of migration depends mainly on the degree
of progressive motion of the spermatozoa and that the
number of spermatozoa accumulated in the capillary tube
after a time-interval serves as a measure of the motility
of the whole population.
Microhematocrit tubes of 75 mm long with an internal
diameter of 1.1-1.2 mm were used for the assay (Kimble,
No. 73811, obtained from Kimble Co., Division of Owens-
Illinois, Toledo, Ohio, U.S.A. or Capilets B4415-10, obtained
from DADE Division American Hospital Supply Corporation,
Miami, Florida, U.S.A.). The capacity of these capillary
tubes have been calibrated to 1 cu. mm per mm length. The
capillary tube was filled as reported (Adler, 1973). All
20
Figure 2-1 Engineering Drawings of the Circumferential-




FIGURE 2-1 A (left) B* (right)
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capillary tube contents contained the same constituents
as in the spermatozoa suspending medium. The filled
capillary tube was positioned in the channel with its open
end sticking out into the spermatozoa) suspension to a
depth of approximate 5 mm. In routine assay, unless the
temperature effect-was being studied, the whole set-up
was kept at 24.5±0.50C which has been reported to be an
optimal temperature range for spermatozoal motility and
was also confirmed by our findings in this assay (Appel
and Evans, 1977).
If not indicated otherwise, the assay time was one
hour. After this period, the whole content in the capil-
lary tube was emptied and a thoroughly mixed alliquot
was counted under microscope.
RESULTS AND DISCUSSIONS
A. Sperm Entry
The number of spermatozoa migrated into the capillary
tubes depends essentially on at least three factors: the
concentration of the spermatozoal suspension, the period of
incubation and the motility of the spermatozoa in the stu-
died conditions. Figure 2-2 shows that the sperm count
exhibits direct linear proportionality at the spermatozoal
23
concentrations ranging from 7 x 106 to 60 x 106 (assayed
at an incubation period of one hour in a pH 7.0 isotris
buffer and at 20.5 0 C, which are either optional assay
conditions or are conditions that can be expected to
behave similarly to that in the optimal, see discussions
in the following paragraphs). At spermatozoal concen-
trations of less than 7 x 106, the sperm entry numbers
do not provide easy recognition of the quality of the
spermatozoal motility. On the other hand, it is impracti-
cal to handle a viscous spermatozoal suspension at high
concentration, for a considerable assay period as one hour.
A resonable operational spermatozoal concentrations for
motility assay thus chosen was in the range of 7 x 106
to 60 x X06 sperms per ml. For the sake of comparison of
motility, all the experiments were done in the linear
propertionality range and prepared spermatozoal concentra-
tion as close to 10 x 106 as possible if comparisons were
not made with the same batch of spermatozoal suspension.
Before saturation, a large incubation time will allow
more spermatozoa enter the capillary tube. This is depicted
in Figure 2-3 and Figure 2-4 for boar ejaculated spermatozoa
and mouse epididymal spermatozoa correspondingly. In all
cases, a background entry of approximately 2,000 sperms,
24
Figure 2-2 Effect of Spermatozoal Concentrations on
Sperm Entry.
Ejaculated spermatozoa from boar after washed four
times with isotris buffer were diluted with the same
buffer to the appropiate spermatozoal concentrations
and assayed at 20.5°C. Each point represents the mean
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FIGURE 2-2
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Figure 2-3 Rate of Boar Sperm Entry.
Ejaculated spermatozoa from boar wei. z diluted with
isotris buffer to 10 x 106 sperm per ml and assayed at
25±1°C. The capillary tubes contained the same buffer.






















Figure 2-4 Rate of Mouse Sperm Entry.
Caudal epididymal spermatozoa from mouse were diluted
with isotris buffer to 10 x 106 sperm per ml and assayed
at 25±1°C. The capillary tubes contained the same buffer.























tentatively due to physical disturbance bringing sperm-
atozoa into the capillary tube by convection, was noted
and have been corrected for by subtraction. In both
spermatozoal types, a fast sperm entry was observed
then followed by a linear proportional entry rate. In
mouse spermatozoa, however at longer than 70 minutes
(approximately), the entry number was shown to be satu-
rated. Such a change in the entry kinetics of the two
spermatozoal types may be due to either species differ-
enceor developmental stage difference and has not been
investigated further. Because the initial 15 minutes
stimulation (background already subtracted) to be an
after effect of the setting up of the assay condition,
primarily by inserting the capillary tubes into the sus-
pension thus agitated the medium, it is apparent that the
linear proportional region of the curve will reflect more
the actual motility of the spermatozoa. As a consequence,
the 60 minute point, which is still on the linear range
was chosen for normal routine assays. Again, the motility
of the boar spermatozoa was higher than that of the mouse
(19,000 to 8,500). A similar comparison with rat epididy-
mal spermatozoa shows that the entry number is 7,400 (see
Chapter III).
There is a discrepancy in the number of spermatozoa
entered at 60 minutes incubation time in Figure 2-2 and
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Figure 2-3 (1,200 compared to 19,000). This reduction
in motility is not resulted from studies obtained from
different boar individuals, which probably may show some
individual variations, but from the effect of the motility
factor (s) in the 'semen (boar spermatozoa used for studies
in Figure 2-2 were washed four times while that in Figure
2-3 were only diluted without further washing). While
the studies of the motility factor(s) is to be presented'
in Chapter IV, for the sake of discussion, is should be
indicated here that the spermatozoa after washing were
still intact (see also Chapter III, the result of res-
piratory rate of washed and diluted spermatozoal suspen-
sions being identical) and that washed intact sperm-
atozoa suspended in a chemically defined medium provides
a favourable assay condition for the study of motile
physiology.
The volume of the content'in the capillary tube,
allowing. half -filled is at most 0.05 ml (actual measure-
ment shows in most cases, the capillary tube contains
0.03 ml). If transport of spermatozoa is at random, an
equally distributed. suspension with volume of 0.05 ml
contains 5 x 105 spermatozoa will be accumulated in the
capillary tube. In both assays, the concentrations at
the capillary tube in the standard assay conditions are
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3.8 x 105 per ml (boar) and 1.7 x 105 per ml (mouse)
compared to the original spermatozoal suspension of 10
x 106 per ml (allow insignificant dilution by capillary
tube contents), indicating that the concentration in
the capillary tube is only 3.8% and 1.7% saturated,
respectively. This calculation suggests that unlike
boar spermatozoa, the saturation kinetics after 70
minutes in mouse spermatozoa stems from some other factors
presumably the physiological or maturation factor(s) rather
than due to crowdiness in the capillary tube.*
The observation that heated spermatozoal suspension
showed no entry kinetics except very slow and insignifi-
cant passive drag-in on longer hours of standing (data
not shown) demonstrates that the number of spermatozoa in
the capillary tube is related to the progressive motility
of the spermatozoa.
B. Sperm Motility
Spermatozoal motility does not depend on the physio-
logy of the individual under study above, but depends on
many physical and chemical conditions. A few of these
conditions were studied and reported accordingly.
Buffer: Among all the buffers studied (Figure 2-5),
apparently, Tris-HC1 is the best motility medium, Not all
33
Figure 2-5 Effect of Various Buffers on Boar Sperm-
atozoal Motility.
All buffers were adjusted to pH 7.C. The concentration
of all these buffers were maintained at 0.1 M and their
osmalarity were adjusted to 290 mOsm per litre by the
addition of NaCl as described in the Materials and
Methods. (A), Tris (B), pipes (C), HEPES (D),


















the buffers prepared have the optimal buffering capacity
at the pH studied (pH 7.0 chosen because the natural
semen has essentially neutral pH), but a pH measurement,
before and after studies, showed no pH change at the
spermatozoa concentration concerned may safely ruled
out the possibility that a drop in motility in phosphate,
saline, borax and citrate is due to pH change and in fact
further supported by the results in Figure 2-6 which shows
a Less drastic motility effect in the pH range from 6.0
to 9.0. In the study, Tris, pipes and HEPES, the buffers
that exhibit better motility profile are all of synthetic
origin and cannot be metabolised while the worst buffers
such as citrate probably chelates the metallic ions in
the suspension and reduces spermatozoal motility. The
application of synthetic buffer for motility assay instead
of natural medium such as phosphate, will be an added
advantage to the standard assay medium chosen for this
study. Many investigations employed pipes, HEPES and even
phosphate buffers for motility studies appear to operate
the assay in a less efficient condition (Henle and Zittle,
1942 Schoenfeld et al., 1973 Cohen et al., 1977 Paz
(Frenkel) et al., 1978). In Figure 2-6, the optimal
motility was shown to be at pH 7.0. Tsui et aZ. (1975)
reported that the pH of normal boar semen ranged from 6.8
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Figure 2-6 Effect of pH on Spermatozoal Motility.
Semen froli. boar was diluted with isotris buffer at
the corresponding pHs with the measured final pH values

















to 7.2 which covers the optimal motility range. Our
assay may provide a ratio to convert the published data
determined in other buffers into a standard one with
Tr is buffer.
Washing: To have a defined medium for motility
studies, washing is a necessity. Figure 2-7 shows the
effect of washing (isotris buffer). The rapid drop in
motility on washing stems from the removal of motility
factor(s) (see Chapter IV). We intentionally leave out
this factor in the motility assay medium designed because
it is hope that with such a simple yet sufficient medium
(not require energy source as shown in Chapter III), the
nature of all tested components (chemicals) added will
not be confused or masked.
In rats, as shown in Figure 2-8, there is also a
rapid drop in motility after washing. There is also a
noted difference in the motility of spermatozoa obtained
from the two regions in the epididymis, probably due to
differences in maturation. Nevertheless, complete lack
of progressive motility in these washed rat epididymal
spermatozoa renders the motility assay by capillary tube
method impossible. This is in fact another suggestion
of the role of some components in the seminal plasma
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Figure 2-7* Effect of Washing on Boar Spermatozoal
Progressive Motility.
The washing procedures were done with isotris buffer
-as described in Materials and Methods. All washed
spermatozoal suspensions were brought to the same





















Figure 2-8 Effect of Washing on Rat Epididymal Sperm-
atozoal Motility.
The washing procedures were done with isotris buffer as
described in Materials and Methods. Since no progressive
motility was observed after the first wash, the motility
was graded by microscopic observation (Dougherty et al..
1975 Cohen et al., 1977 see also Introduction in this
chapter) using that of the'unwashed caudal epididymal
spermatozoa as relative standard. Spermatozoa from



















that is essential to progressive motility (see motility
factors in Chapter IV).
Temperature: The motility of microorganisms is
temperature dependent. In Escherichia eoZi, bacteria
grown at 37°C has best motility at 30°C (Adler, 1973).
Similarly, from this study, the motility of boar sperm-
atozoa, which have been raised in the testis and stored
in the epididymis at 34°C (Setchell, 1977) shows optimal
o
at 25 C (Figure 2-9). This finding of the optimal point
is in essence consistent to previous report (Appell and
Evans, 1977). At low temperatures, biochemical reactions
tend to slow down. While at 37°C for 90 minutes, the
bovine epididymal spermatozoa became immotile (Haskins
et al., 1975). Simul,tanously, glycolysis reduced at high
temperature with an increase of cellular ATP, along a
decrease of cAMP. The fact that motility temperature
optimum is lower than physiological temperature optimum
explains why, in most mammals, the testes as well as the
epididymal regions are not located inside the abdomen but
in the scrotum.
Electrolytes: Sodium chloride, potassium chloride
and magnesium sulphate have been used as essential con-
stituents in synthetic media employed in various studies
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Figure 2-5 Effect of Temperature on Spermatozoal
Motility.
Semen from boar was diluted with isotris buffer to
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on spermatozoal physiology (Hoskins, 1973 Schoenfeld
et aZ., 1973 Cohen et al., 1977 VanDop et al., 1978).
Table 2-1 shows their effect on spermatozoal motility.
Except magnesium sulphate alone, the motility of the
spermatozoa does not indicate their essence in spermatozoal
motility. Even with a slight stimulation in its presence,
the magnesium sulphate effect was completely masked by
the presence of all three salts. To avoid complications,
a simple buffer medium without any salt addition was
preferred as a result of this study.
In summary, a standard assay condition-was suggested
by this investigation. Spermatozoa were washed four times
and suspended in an isotris buffer at pH 7.0 at a con-
centration of 10 x106 sperms per ml. Optimal migration
was observed at the incubation period of one hour at
°25C.
47
Table 2-1. Effect on Motility of Electrolytes Added to
the Supporting Medium of Washed Ejaculated
Spermatozoa*
Medium Relative Ratio of Sperm Entered
Isotris Buffer Alone I .00+
+ 5 mM KCl 1.09
+ 5 mM NaCl 1.02
+ S mM MgSO4 1.38
+ All Three 0.98
*Spermatozoa were washed four times with isotris buffer
as described in Materials Methods.
tTotal number of sperm entered = 4,487.
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CHAPTER III EFFECT OF VARIOUS GROUPS
OF CHEMICALS ON THE MOTILITY
OF SPERMATOZOA
INTRODUCTION
A. Energy Source for Spermatozoal Motility
Spermatozoal motility is an energy consumming
process in which the chemical energy is converted to
mechanical work.* Nonnucleotide high-energy compounds
such as creatine phosphate are not the fuel of the moti-
lity process (Brooks, 1971). Presumably, a pool of
adenine nucleotides-formed by either the oxidative phos-
phorylation or the glycoly-sis pathway.provide a continual
supply of eo.ergy for flagellar propelling. The high
energy moiety, ATP, formed mainly in the midpiece of the
flagellum diffuses or eked out down the whole length
of the flagellum an6. serve as fuel for-the whole organell
in the motility process (Nevo and Rikmenspoel, 1970 Adam
and Wei, 1975). It.was reported by various investigators
that the ATP molecules eked out along the flagellar
matrix generates chemical potential by a two step hydro-
lysis process with adenosine monophosphate CAMP)
as the final product (Raff and Blum, 1968 Young and Nelson,
1969). To maintain a.considerable ATP energy pool, the
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spermatozoon is able to metabolize a wide range of exo-
genous substrates including many simple molecules such
as lactate, pyruvate, volatile fatty acids and the
intermediates in the tricarboxylic acid cycle provided
that these molecules are intracellularly available
(Harrison,.1977).
An endogenous substrate, in a form of lipid, was
believed to be the most available substrate pool for
ATP generation in spermatozoa by early workers (rlipse,
1959 Mills and Scott, 1969 Setchell et al., 1969 White, 1973).
More recently, however, analysis of spermatozoal phos-
pholipid during incubation of the cells in the absence
of exogenous substrate has revealed little or no detect-
able change in any of the phospholipid fractions (Darin-
Bennett et al., 1973). Similarly, the observation that
the phospholipid content drops during the spermatozoon's
maturation period in the epididymides which has been
interpreted to bean immediate conversion to ATP for
motility was found to be some other physiological usage
instead (Poulos et aZ., 1973). It was also reported that
spermatozoa utilize long-chain fatty acids only very
slowly compared with other substrates (Mills and Scott,
1969 Storey and Keyhani, 1974 Casillas and Erickson,
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1975 Harrison, 1977).. The aforementioned reports weaken
the possibility of using a lipid compound as an immediate-
ly available substrate for motility energy.
On the other hand, Carnitine has been shown to exist
in large quantity in the epididymis of several species
of mammals (Casillas, 1972). This compound is accumulated
by spermatozoa on passing through the organ up to a level.
of 4.4 pmole per 109 sperms in boar (Casillas, 1973). A
study of the acetylation or carnitine indicates that in
the presence of substrates that supply acetyl group to
carnitine such as fructose, lactate and acetate, a high
proportion of the carnitine pool acetylated (Casillas
and Erickson, 1975). It is generally known that carnitine
is an acetyl carrier into the mitochondria where the
acetyl group is oxidised. In most mammalian systems
studied, the spermatozoa will be deprived of exogenous
energy source, presummably, fructose in the seminal plasma,
soon after they are deposited in the vagina or the cervix
in boar, since seminal plasma as in most cases, do not pass
deep into the uterus (Anderson, 1977).- The stored acety-
lated carnitine pool in the spermatozoa will then be
expected to provide a continual generation of ATP to support
motility by subsequent oxidation through the tricarboxylic
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acid cycle. It is suggested this changed carnitine
fuel may have to play a role to support motility as soon
as the passage of the spermatozoa through cervical mucus
where exogenous substrate levels may have been insuffici-
ent (Gibbons et aZ. 1974).
We present in this chapter some investigation
related to the energy metabolism of the spermatozoal
motility with an aim to find out whether an exogenous
energy source is required for the assay and see whether
what optimal motility can be achieved by the addition of
these compounds.
B. Inhibitions of Spermatozoal Motility
The population growth situation in recent years has
received great concern primarily because of the.limited
resources, especially in the demand of food energy and
space, people can share in the world. Various projects to
control population growth havebeen.initiated and have
resulted in different degrees of successiveness. These
projects are characterised by their immense effort to co-
operate internationally and interdisciplinarily. Besides
the attempts taken by socialogist in family planning and
government's action in encouraging small family size, life
scientists have applied their biochemical knowledge to
promote contraceptives in reducing population growth rate.
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The application of antispermatozoal and antifertility
drugs are only a few of these discoveries. In general,
antifertility reagents acting on the level of intercept-
ing spermatozoal function can be divided into three
classes. They are, namely, surface active compounds,
organometallic compounds and weak acids such as acetic
and boric acid (Bennett, 1974). The surface active
agents inactivate sperms by altering the osmolarity of
spermatozoa. The organometallic c'mpound, such as
phenyl mercuric salts, and the weak acids which are used
in douche preparations or as components in the foaming
tablets are spermicidal because they both interfere
severely with normal spermatozoal physiology.
Besides spermicidal drugs, we have recently report-
ed on the application of repellents in confining sperma-
tozoal motility and suggested the possibility of applying
repellents as contraceptive (Tso et aZ., 1979 see Appendix
I). While p-nitrophenylglycerol was shown to be an effect-
ive spermatozoa) motility inhibitant, a survey of some
sugar p-nitrophenyl derivatives are included in this chapter
to obtain a more complete picture of the nature of this
inhibition.
In addition to p-nitrophenylglycerol, metallic com-
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pounds have been suggested to possess a motility inhibi-
tion effect. In western history, since the fifth century
B.C., it was recorded in Hippocrate's writing that a
drink of copper could render a woman sterile for. a year
(Segal, 1971). Recently, in the development of intrau-
terine device (IUD), Zipper and his associates have
demonstrated that metallic copper placed in the uterine
cavity of the rabbit, enhanced the effectiveness of
contraception of IUD (Zipper et at., 1971). This effect
was interpreted to suggest that the copper element being
inserted in situ has generated an inactivating action on
the enzymatic moieties in the endometrial cavity to an
extent that nidation would be prevented. It was also
shown that such an inhibitory effect is proportional to
the surface area of copper employed in the IUD (Tatum,
._1972).
As a consequence of this finding in the United
States of America, modern IUDs have incorporated copper
linings to increase-the effectiness in contraception
and have been approved by the Food and Drug Administration (FDA)
for commercial distribution (Bernstein et al., 1972
Tatum, 1974) and as shown by product, the Copper T model
TCu-200B, from G.D. Searle Company.
How copper is antifertilizing is unknown. Chang
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and Tatum (1970) suggested that the presence of copper
in rat uterus results in a local change in the endometrial
enviroment leading to a failure of the implantation of
the blastocyst. This and other investigations have shown
that the copper antifertility effect exerts not in the
endometrial uptake of estrogen and that this effect is
local. rather than systemic (Prager, 1969 Robles et at.,
1972). Although a number of endometrial enzyme systems
have been reported to be influenced by the presence of
metallic copper, the significance of these changes in
relation to nidation and fetal development is not known
(Robles et at., 1972 Chatterji and Laumas, 1974). At
this point, the factor that copper in IUD may interfere
with sperratozoal migration or development of the unfer-
tilized eggs within the Fallopian tube should not be
ignored. Using Kremer's capillary tube penetration method,
Ullman and Hammerstein (1972) have actually studied the
inhibition of sperm motility by copper wire in vitro. In
addition to copper, several heavy metals have shown to
inhibit spermatozoal motility in rats and dogs (Saito et
al., 1967) while human spermatozoa are immobilized by iron
ions (Loewit, 1971). To give a whole view of metallic
ions inhibition of motility in boar, we have extended our
studies of motility inhibitors to include many heavy metal
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ions and the related ions with an aim to collect informa-
tion about the spermatozoal motility inhibiting specificity
of the ions studied and the possible mechanism of inhibition.
Since there are less established knowledge about
the change of pregnancy ratio in morphine addicted patients,
we also measure the spermatozoa profile of rats to diagram
any possible defect in these addicts.
MATERIALS AND METHODS
All chemicals used were of analytical grade and
used without further purification. 3-Isobutyl-
methylxenthine (IBMX), 3',5'--adenosine monophosphate (cAMP)
and p-nitrophenyl sugar derivatives were purchased from
Sigma Chemical Company (U.S.A.). Chemical solutions were
prepared by dissolving calculated amount of the corres-
ponding compound in isotonic Tris-HC1 buffer (isotris)
and was readjusted to pH 7.0.
Boar ejaculated spermatozoa and rat epididymal
spermatozoa were obtained in the same manner as described
in Chapter II. Essentially, all spermatozoa were washed
4 times by centrifugation with isotris buffer and sub-
sequent-storage was also kept in the isotris buffer at
15±1°C.
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For morphine addiction experiments as well as
in vitro studies with morphine, rat spermatozoa were
employed as described in Chapter II. Addiction of
morphine in rats was carried out as published (Ho
et aZ., 1978).
To assay for spermatozoal motility, the construct-
ed chamber mentioned in Chapter II was used except those
experiments to show the effect with p-nitrophenyl-glycerol
on rat epididymal spermatozoal motility, which instead,.
an assay with similar set-up but with the capillary tube
inserted in a vertical orientation was employed. Tech-
nically speaking, the vertical set-up serves better as
preliminary screening study because of its simplicity
and convenience.
The respiratory rate of spermatozoa at various
conditions were followed by the YSI Model 53 Biological
Oxygen Monitor (Yellow Springs Instrument Co., Inc.,
Yellow Springs, Ohio, U.S.A.) at 37°C. The instrument
has a sensitivity of measuring oxygen consumption rate
from 7 to 300 pl 02 per hour from air saturated suspen-
sions. In most studies, three to five ml of spermatozoal
suspensions of approximately 30 x 106 cells per ml in
isotris buffer were used. The change in oxygen content
was recorded by a Hitachi QD 15 recorder. The Respiratory
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rate thus obtained was•expr.essed in Z02, representing
the number of ul oxygen consummed per 100 million sperms
per hour.
RESULTS AND DISCUSSIONS
A. Energy Source for Spermatozoal Motility
In the previous chapter, a motility assay medium
was chosen in which LLo energy source has been included.
However, a motility process, which is a continual con
version of'chemical energy to mechanical work, must be
supported by a reservior of energy-rich intermediates
in one form or the other. In prokaryotic cells such
as Escherichia co li, 'the energy for motility derives from
a high energy bond intermediate (Larsen et al., 1974).
In this investigation, we limit the scope to a survey of
whether an exogenous energy source, basically a metaboli-
sable sugar, is needed for normal motility assay or not.,
Table 3-1 indicates that in boar ejaculated
spermatozoa, tentatively 5±2 hours after ejaculation,
collecte..d, stored and handled as described in Methods and
Materials, the motility as well as the respiration show
no significant difference in the presence of either one
of the hexoses tested. It appears that either none of
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Table 3-1. Effect of Sugars on Respiration and Progress-
sive Motility of Boar Ejaculated Spermatozoa
Respiration Motility
Suspending Media p, 1 02 / 108/hr % Total // of %
Sperm Entered
Seminal Plasma (i.e. 4.1 100 23,000 ± 2,000 510unwashed spermatozoa)
7Lsotris Buffer Alone 4.1 100 4,413 ± 447 100(i.e. washed spermatozoa)
Fructose 10 M 4.1 100 4,499 ± 188 102
10-4M 4.0 98 4, 338 ± 153 98
10-3M 3.9 95 4, 773 ± 261 108
10-2M 4.1 100 4,302 ± 763 97
Glucose 10-1M 4.0 98 5,058 ± 194 114
10-4tfi 4.0 98 4,052 ± 510 92
10-3M 0.0 98 4,715 ± 169 107
10-2M 4.0 98 3,779 ± 288 86
Mannose 10-DM 4.1 100 4,677 ± I95 106
10-4M 4.2 102 4, 742 ± 320 107
10-3M 4.3 105 5,865 ± 579 133
10-2M 4.2 102 4,337 ± 228 109
Galactose 10-5 M 4.1 100 5,244 ± 942 119
10-4M 4.2 102 4.857 ± 255 110
10-3M 4.2 102 5,530 ± 235 125
10-2M 4.1 100 5,170 ± 1,097 117
* Spermatozoa were washed 4 times as described in Materials Methods
unless' otherwise indicated.
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these hexoses: fructose, glucose., mannose or, galactose,
can be metabolised or the endogenous energy source in
the spermatozoa suffices motility and respiration under
the conditions studied. In view of the fact that fruct-
ose is found in large quantity in the seminal plasma
(Setchell, 1977) and that glucose serves as general
carbon source in most cells, it is more likely that the
prepared boar ejaculated spermatozoa contain a consider-
able endogenous energy source and that no sugar is
required for the motility assay. Whether the stored.
endogenous energy is a lipid moiety or an acetylated
substrate remains to be explored (see Introduction in
this chapter).
B. Effect of Phosphodiesterase Inhibitors and Cyclic
3',5'-adenosine Monophosphate (cAMP) on Motility
It has been reported that methyl xanthine and
caffeine stimulated spermatozoa'l motility (Haesungcharern
and Chulavatuatol, 1973 Schoen.feld et al., 1973
Schoenfeld et al., 1975). But this observation was re-.
cently challange-d by Dougherty et al. (1976). Along the
same line, Paz (Fren.kel) et al. (1978) also reported that
the inhibitors exert no significant effect on fertilizing
capacity which is a possible Sequence of indifferent
motility change. Attempted explanations given by these
60
authors were that the variation is individual specific
(Dougherty et al., 1976) and species specific (Paz
(Frenkel) et al., 1978). The results in Table 3-2
.indicate that neither caffeine nor IBMX, both tested
at 10-2M, in the presence or absence of 10-2M fructose
alter significantly the motility profile of the sperma-
tozoa. There is however, a slight elevation of motility
(approximately 35%) in 10-2M caffeine yet this value is
smaller than the 4- to 10- folds elevated as reported by
Haesungcharern and Chulavatuatal (1973) and Schoenfeld
et al. (1975). This slight elevation can be explained
presumably by the finding' that such an effect seems to
be mediated by the presence of residue seminal plasma
(approximately 0.5% contamination will give this result)
and not by the inhibitor alone or by the inhibitor acting
through fructose as an energy source.
Surprisingly , the inhibitors in the presence of
restored seminal plasma, at a final concentration of
10-1 v/v of original seminal plasma content, magnifies
the stimulating effect: caffeine to 233% and IBMX to 310%.
The motility stimulating effect is higher for IBMX. It
seems, though, that. previously reported contradictory
results, as to caffeine being a spermatozoal motility
stimulant, originates from the cleanliness of the intact
61
Table 3-2. Motility of Boar Spermatozoa* in the Presence
of Phosphodiesterase Inhibitors and other
Nutrients Supplements
Total Number of Sperm EnteredNutrient
Suppl.
None Fructose Seminal Plasma
Inhibitors + (10-2M) (10-lv/v)
None 4,042 ± 953 4,21 ± 256 21,067 ± 2,779
Caffeine (10-2M) 5,481 ± 893 5,719 ± 509 49,959 ± 8,685
IBNX (10-2M) 4,268 ± 657 3,629 ± 598 64,999 ±14,957
* Boar ejaculated spermatozoa were washed four times and. assayed as
described in Materials Methods.
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sperm in washing. It was reported by Garber s et al.
(1971) that pyruvate, acetate, -hydroxybutyrate and
oxalacetate produced a marked increase in respiration
of bovine spermatozoa in the presence of caffeine. This
metabolism enhancement by caffeine appears to be operating
only when an appropiate organic acid metabolic intermedi-
ate is present. Detailed comparison shows that seminal
plasma restored into the assay medium blows up the moti-
lity to 5.2-fold. This motility 2.f-act from an externally
existing component in the seminal plasma will be reported
in Chapter IV.
Caffeine.increases subcellular cAMP level (Garbers
et al., 1971 Cascieri et al., 1976) and reduces ATP
content (Garbers et al., 1971) of bovine spermatozoa.
In sea urchin spermatozoa, Kopf and Garbers (1978) also
obtained a positive relationship between endogenous CAMP
levels and respiratory rates. In view of these findings,
results from a complementary experiment with cAMP added
to the tested system were recorded in-Table 3-3. Again,
cAMP added alone exerts no stimulating effect in sperma-
tozoal motility, probably due to its non-permeability
across the membrane (Lindemann, 1978). In the last two
lines, again, the seminal plasma effect on motility is
further documented (see Chapter IV).
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Table 3-3. Motility of Boar Spermatozoa* in the Presence
of CAMP, Phosphodiesterase Inhibitors and Other
Nutrient supplements
Contents 4 Total Number of Sperm Entered
None 4,042 ± 953
cAMP 4,621 ± 721
CAMP + Caffeine 4- Fructose 3,774 ± 448
CAMP + IBMX + Fructose 5,329 ± 219
CAMP+ Caffeine + Seminal Plasma 33,905 ± 3,190
cAMP+ CBMX+ Seminal Plasma 60,155 ± 1.797
Boar ejaculated spermatozoa were washed four times and assayed asdescribed in Materials Methods.
+cAmp, 10-2M inhibitors, 10-2M fructose, 10-2M and seminal plasma,10 v/v.
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It is apparent that, phosphodiesterase inhibitors
can stimulate spermatozoal motility only in the presence
of some yet unidentified chemical moieties, which can be
found in seminal. plasma and that this unidentified
chemical is not fructose, an available energy source.
C. Effect of p-nitrophenyl compounds on the motility of
boar spermatozoa
Since the finding that p-nitrophenylglycerol (PNPG)
exerts an antiswarming effect on Proteus (Kopp et al.,
1966 Senior, 1978), two preliminary studies by our group
demonstrated that PNPG also inhibits spermatozoal motility
and that the inhibition is mediated through a repellent
mechanism (Tso et al., 1979 Tso and Lee, in press see
Appendix I and II). The compound, PNPG, being an effect-
ive inhibitor of spermatozoal motility, has been suggested
by us previously to be used as a candidate of a potential
contraceptive. To further study this category of compounds,
the other three sugar moieties were studied. Figure 3=l
shows the motility of the boar ejaculated spermatozoa in
all these derivatised sugar solutions with PNPG included
for comparison. Except PNP-glucose, PNP-mannose and PNP-
fucose exhibite no inhibitory effect on motility.
Furthermore, this motility inhibitory effect is consistent
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Figure 3-1 Effect of p-Nitrophenyl Compounds on Respi-
ration and Motility.
Respiration ( o 0 ) was measured in 202 which is the
ul of oxygen consumed per hour by 108 boar ejaculated
spermatozoa diluted in the corresponding medium.
Motility ( o ) was assayed as described in Materials
and Methods. The viscosity of the compound containing
media at their highest concentrations (10-3M) is equal
to that of the buffer alone. (A), p-nitrophenyl-
glycerol (B), p-nitrophenyl-B-D-glucoside (C),
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with the respiratory inhibitory effect in the same organism
studied. As reported, reduction in motility to 50% by
PNPG is at 10-3M while that by PNP--glucose is at about
3 x 10-SM to 10-4M (Tso et al., 1979). This suggests that
the glucose derivative is more inhibitory than the glycerol
derivative.
As depicted in Figure 3-lA and 3-1B, a slight inhi-
bition of respiration (region where inhibition is less
than 50%) dces not interfere with the normal progressive
motility pattern of the spermatozoa. At somewhere higher
inhibitor concentrations, however, the progressive motility
impaired more especially in PNPG. In bacteria, repellents
at its threshold concentration trigger turbuling, a state
in which no spatial translocation is observed (Larsen
et al., 1974). The result of more inhibition in motility
than respiration above a definite concentration of the
two chemicals further suggest that they are spermatozoal
repellents (PNPG has in fact been shown by other approach
to be a spermatozoal repellent). Unlike bacterial che-
motaxis which has no physiological inhibition at its
threshold concentration the spermatozoal•repellents
inhibit respiration. This suggests an interrelationship
between the sensory and respiratory process. Whether there
is a negative chemoreceptor for these chemicals or not
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remains to be studied.
D. The Motility of Epididymal Spermatozoa from Morphine
Addicted Rats and the Effect of Morphine on Isolated
Epididymal Spermatozoa Tested In Vitro
It appears that there is practically no significant
different in either the weight of the gonads or the
motility of the epididymal spermatozoa in morphine addicted
rats (Table 3-4 and Figure 3-2). Furthermore, morphine
has no effect on rat epididymal spermatozoal motility in
vitro, at all the concentrations studied (Table 3-5).
E. Effect of Various Metallic Ions and Ethylenediamine
Tetraacetic Acid (EDTA) on Motility of Boar Spermatozoa
Considerable high concentration of zinc ions was
detected in the mammalian reproductive system for many
years with its exact physiological role still remains
obsecure (Lindholmer and Eliasson, 1974). While a toxic
effect at 2 x 10-3M zine ion concentration on rat
epididymal spermatozoa was reported by Saito et aZ. (1967),
the finding depicted in Figure 3-3 panel D demonstrates
that zinc ion, even though harmless at low concentrations,-
inhibits boar ejaculated spermatozoal motility at 10-3M.
This inhibitory effect agrees quite well with that observed
by Saito et aZ. A comparison of the chemicals studied.
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Table 3-4. Effect of Morphine Addiction (14 days) on
Weights of Rat Testes and Epididymides
Conditions Testes (gm) Caudal Epididymides (gm)
Morphine-addicted
1.493 ± 0.140t 0.1979 ± 0.0182Rats*
Non-addicted 1.509 ± 0.208 0.2054 ± 0.0218Controls
Test of Signifiance p>0.1 p>0.1
* Experimental animals (12 in each groups) were carefully selected to
give matched ages and body weights (290-=310 gm).
t Mean ± S.D.
§ Evaluated by the Student's t test.
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Figure 3-2 Motility of Rat Epididymal Spermatozoa




Total Number of sperm Entered
x 10 -3







Table 3-5. Effect of Mor hine on Rat E ididymal
Skermatozoa* In Vitro
Morphine Concentration Total Number of Sperm Entered
0 9,280 ± 2,008
10-5 M 9.633+944
10-4 M 9.633± 1,107
10-3M 7,782 ± 1,759
No physical damage or motility distortion was observed micro-
scopically at all morphine concentrations studied.
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Figure 3-3 Effect of Various Metallic Ions and an
Ion Chelator, EDTA, on the Motility of Boar Ejaculated
Spermatozoa.
Boar semen was diluted with isotris buffer to the assay
concentration of 10 x 106 sperms per ml. The total
number of spermatozoa entered was plotted against the
concentrations of the chemical tested. Each panel
(C) EDTACaC1 , CB) MgSO4represents a chemical: (A)
F) FeSO4 (G) CuC19 , 9 CH) Pb(N0.1)2ZnSOL . CE) CdCl2(D)
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shows that inert compounds include calcium, magnesium,
EDTA, and two potassium salts (potassium nitrate and
potassium chloride results not included). Metallic
ion toxicity to motility, however, is unambigurously
demonstrated in silver, mercury, lead, copper, cadmium,
ferrous, ferric and zinc ions and the toxicity is
highest in silver ion and decrease in the above trend.
Apparently, this toxicity is due to the presence of the
cation and not the anionic species since neither chloride,
nitrate of potassium nor sulphate in magnesium inhibites.
A possible mechanistic explanation of lead and mercuric
ions inhibition stems from their high affinities to -SH
group binding in protein (White, 1955). The high
sensitivity of spermatozoal motility to silver (at 10-6M)
and copper (at 10-4M) suggests a more serious considera-
tion to apply these metals in the production of similar
contraceptive devices as IUD which has been described in
the previous paragraphs (see Introduction of this chapter).
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CHAPTER IV EFFECT OF SEMINAL PLASMA
PROTEIN ON SPERM MOTILITY
INTRODUCTION
Semen is a mixture. It contains the motile
spermatozoa originated from the testis and the seminal
plasma which again is a mixture collected from the
secretions of various glands and accessory organs such
as the epididymides, vas deferens, the ampulla, the
seminal vasicle and the prostate. In recent years,
rapid progress in spermatozoal physiological studies
have suggested that the mammalian spermatozoa mature
during their transit through these accessary glands
(White et aZ., 1959 White and Wales, 1961 Gaddum,
1968). With many of these secretions identified, such
as prostaglandin (Samuelsson, 1963), their importance
on the maturation process becomes more recognised.
Nevertheless, whether maturation process requires some
yet to be identified factors in the duct system or the
process is a self-contained one behaving simply as a
continuation of the maturation process by the spermatozoal
cell alone is unsettled (Bedford, 1967 Overstreet, 1970
Mooney et al., 1972).
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With respect to spermatozoal motility., Bennett
and Dott (1967) observed a reduction in flagellar
frequency in bull spermatozoa when suspended in a
secretion obtained from the seminal vesicles. Similar
finding was reported by Morita and Chang (1971a, 1971b)
who found that the prostatic secretions of hamsters and
rats exhibited a depression in the aerobic metabolism
and on the motility of epididymal spermatozoa from these,
animals. However, they also reported on the dependence
of these epididymal spermatozoa on some factor (s) from the
epididymis-and seminal vesicles for maintenance of moti-
lity. In spite of the dual role played by the secretions,
presumably a mixed function from opposing components, the
epididymal secretion teems essential to sperma-tozoal motility.
A substantial evidence comes from Acott and Hoskins
(1978) who reported the isolation of a proteinous factor,
from bovine seminal plasma, capalile of initiating forward
motility in bovine caput epididymal spermatozoa. This
bovine sperm forward motility protein, as it is named,
was only partially purified and suspected to be originated
from the epididymal tissue (Brandt et al., 1978). Our
previous observation that both mouse and rat spermatozoa
obtained from the caput epididymis region exhibit circular
motion whereas that collected from the caudal region show
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forward swimming pattern implicate that forward motility
in spermatozoa is either gained by growth or altered by
enviroment. Whether this development of forward motility
has anything to do with the sperm forward motility protein
is unknown.
In view of these findings reported, this chapter
summaries our work in identifying a similar sperm forward
motility component in boar and our studies on its possible
mechanisms.
MATERIALS AND METHODS
Boar semen samples were employed in this investiga-
tion unless otherwise stated. Sample collections, sperma-
tozoal washings and motility assays were prepared in the
way as described in previous chapters.
Analytical grade reagents were used in all experiments.
Cycloheximide (3,2(3,5-dimethyl-2-oxocyclohexyl)-2-
hydroxyethyl glutarimide) and the molecular weight markers
used in gel filtration chromatography were purchased from
Sigma Chemical Co. Methyl cellulose used for viscosity
study was obtained from Fisher Scientific Co. Sephadex G-
100 of particle size 40-120 p, prepared by Pharmacia Co.
was distributed by Sigma Co. Solutions of the test
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compounds were prepared by dissolving the corresponding
salts in isotonic Tris-HC1 buffer at pH 7.0 (isotrls).
Seminal plasma was separated from boar semen by
centrifugation (Sorvall) at 12,000 g for 15 minutes at
4°C immediately after collection. After removing the
sedimented spermatozoa, the supernatant was dialysed
against isotris buffer for 24 hours at 4°C. If no
further testing was done on the same day, the dialyzate
was lyophilized and storage at -20°C. This stored semi-
nal plasma has been tested for motility reconstitution
activity and found to be practically active for as long
as two months. The protocol of this operation is depicted
in a chart, see Figure 4-1.
For seminal plasma fractionation, a Sephadex G-
100 column (2.0 x 100 cm) was employed and the eluents
were collected by LKB 700 Ultrorac fraction collector
equiped with a LKB 8300 Uvicord II uv cord recorder where
monitoring of protein fractions was made at 280 nm wave-
length. Isotris buffer was used as the eluent. FractionE
thus obtained were further dialysed (against same buffer)
to give protein factions. The protein content of
various samples were performed by a modified Folin-
Ciocalteau method (Hess et al., 1978).
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Figure 4-1. Protocol Used in Preparing Seminal Plasma for
Motility Assay
Boar Semen
Centrifuge (600 g, 3 m .n. )
Sediment Supernatant
(mostly gelatinous
substances--discard) Centrifuge (1,300 g, 5 min.)
Supernatant (crude seminalSediment (spermatozoa--
which can be washed 4 plasma)
times with isotris buffer







Resuspend in isotris buffer






The motility of washed spermatozoa, generally
four times, is healthy but at its minimal value. The
washing procedure does not generate any harm to the
motility by physical damage since this treated sperma-
tozoa survive for normal length of time and immediate
restoration of motility was noticed on seminal plasma
addition. We have noticed also that unwashed samples
diluted by addition of seminal plasma shown identical
motility as the washed counterpart at the corresponding
dilution (see Chapter II and data not shown). Figure
4-2 demonstrates the restoration effect of seminal plasma
and the threshold concentration showing this restoration
appears to be effective as low as 10-4 (v/v) seminal
plasma. The restoration mechanism is concentration
dependent, and at 1/10 (v/v) seminal plasma concentration,
the restoration is saturated implying that at normal
.physiological condition, this seminal plasma motility
factor(s) is far in excess for maintaining maximal spermato-
zoal motility. We have done a study on the number of washings
t'bring the motility down to this still functional and non-
damaging yet minimal•motility, and found that four washings
are essentially sufficient while further washing may cause
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Figure 4-2 Restoration of Forward Motility in Sperm-
atozoa by Purified Seminal Plasma.
Boar ejaculated spermatozoa were washed 4 times in
isotris buffer. The data plotted represent a combination
of results from three independent experiments. The
original seminal plasma concentration in the semen was

















slight damage to the organism (non-repaired damage
shown at 7th washing -- results not reported).
This forward motility moiety in the seminal plasma
is cold stable and stable through dehydration (being
lyophilised as indicated in Figure 4-1). On heating to
80°C for five minutes, the total restoration ability is
gone (Figure 4-3). This temperature sensitive property
of the component(s) is interpreted to mean that the
component(s) of interest may be a proteinous moiety as
suggested by Acott and Hoskins in bovine (1978). Upon
dialysis, the saturation restoration -ability maintains
at 75% and there is practically no effect on restoration
ability at tow concentrations. It seems that such a minute
activity reduction (25%) can be accounted for by the possi-
ble slight conformational change on removal of small mole-
cules in dialysis, and this fact further suggests the
component(s) is a macromolecule probably a protein. Small
molecules, removable in dialysis such as prostaglandin,
inositol,acid phosphatase, fructose, citric acid, glycery-
iphosphorylcholine and carnitine (Samuelsson, 1963 Ramberg
and Samuelson, 1966 Bygdeman et al-, 1970 Brummer and
Gillespie, -1972 Casillas, 1972 Dondero et al., 1972
Casillas, 1973 Lewin and Beer, 1973 Dondero et al., 1974
Frenkel, et at., 1974 Casillas and Erickson, 1975
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Figure 4-3 Restoration of Forward Motility in Spermato-
zoa by Various Treated Seminal Plasma Preparations.
Freshly purified seminal plasma from the same boar
( ® ) frozen purified seminal plasma from another boar
( 0 ) dialysed purified seminal plasma from another
boar ( ) and heated purified seminal plasma ( ) .


















Flower and Stanton, 1975 Wetterauer and Heite, 1978)
do not appear to be the compounds responsible for
restoring forward motility.
An attempted separation of this pure seminal
plasma by gel filtration chromatography gave four
fractions I, II, III and, IV (Figure 4-4A).. The molecular
weights of these four identifiable fractions, each taken
at their peak absorbance, are more than 150,000, 78,000,
37,000 an:' 14,500 as determined by using molecular weight
markers (Figure 4-5). The restoration ability of these
four fractions, normalized to the same protein concentra-
tion showed however that they are non-specific (Figure
4-4B and Table 4-1) even though fraction III shows slight-
ly higher activity (Figure 4-4B).
It is more interesting to learn that bovine serum
albumin and porcine serum albumin also produced similar
motility restoration. Fraction II with a molecular weight
around 78,000, probably covers albumin which was reported
to be a main component in the pig epididymal fluid by
Sedlakova et aZ. (1968). This nonspecific restoration
ability as documented by our finding is also reported in
bovine (Acott and Hoskins, 1978) who suggested that the
separation power of the system is probably not good enough
to resolve the mixture if the component is a glycoprotein.
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Figure 4-4A Fractionation of Purified Seminal Plasma.
Dialysed boar ejaculated seminal plasma was fractionated
in a Sephadex G-100 column. The sample was eluted with
isotris buffer at pH 7.0 at a flow rate of 12.5 ml per
hour. Ve is the elution volume and Vo is the dead
volume (83 :ill) .
Figure 4-4B Restoration of Forward Motility in Sperm-
atozoa by an Alliquot of Fractionated Seminal Plasma.
The amount of wavelength 280 nm sensitive material added
to each motility assay system was calculated to give
4.5 mg protein per ml final medium, which is essentially
equal to 1/10 the total protein content in the purified
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Figure 4-5 Calibration Curve for Gel.Filtration
Chromatography on Sephadex G-100.
Protein standards: A, bovine serum albumin (M.W. _
68,000) B, ovalbumin (M.W. 43,000) C, a-
chymotrysinogen A (M.W. = 25,600) and D, cytochrome
C (M.W. - 11,700). The molecular weights of the
seminal plasma fractions thus determined are II =
782000 111 = 37 , 000 and IV = 14, 500. Fraction I is
beyond this range and should be considered to have
a M.W. over 150,000. Vo is the dead volume.(83 ml),




























Table 4-1. A Comparison of the Efficiency of Motility Restoration
of Various Protein Fractions (I to 1V), Dialysed Purified
Seminal Plasma, Freshly Purified Seminal Plasma, Bovine




Total Number of Sperm Relative
Entered Magnitude
None 3,310 ± 416 1.0
Fraction I 24,172 ± 2,427 7.3
Fraction II 22,195 ± 2,293 6.7
Fraction III 31,320 ± 3,256 9.5'
Fraction IV 18.038 ± 5,199 5.4
Dialysed Purified Seminal 18.372 ± 1,687 5.6
Plasma
Freshly Purified Seminal 25,124 ± 3,056 7.6
Plasma
Bovine Serum Albumin 21,763 ± 1,631 6.6
Porcine Serum Albumin 25,849 ± 3,968 7.8
* Spermatozoa were washed 4 times with isotris buffer before assays.
t All protein quantities were determined and brought Ito a final
concerntration of 4 mg protein per ml which is 10 of that in
the whole seminal plasma.
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Because of the scope of this study, we have not yet been
able to pursuit further to attempt other means of separa-
tion to localize the active component(s).
The fact that bacterial motility is influenced by
medium viscosity led us to investigate the viscosity
effect of spermatozoal motility. The results in Figure
4-6 shows that there is no change in motility ranging
from a viscosity of 4.2 x 10-3 to 4.2 centipoise. This
viscosity range covers the viscosity of 10-3 (v/v) to
whole seminal plasma medium. The observation that
the artificial viscosity medium prepared by adding methyl
cellulose at its highest concentration as viewed under
the microscope showed no physical damage to the sperma-
tozoa ruled out the alternative explanation that viscous
medium may in fact stimulate motility as in bacteria but
unfortunately masked by its toxic effect.
Cycloheximide inhibits protein synthesis in euka-
ryotic cells (Farber arid Farmer, 1973). In Table 4-2,
motility restoration by seminal plasma was not at all
inhibited by concentration of cycloheximide studied,
implicates that the spermatozoa do not use the exogenous
component(s) from the seminal plasma to synthesize some
new proteinous component which in turn restores motility.
This finding is consistent to the model that the exogenous
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Figure 4-6 Effect of Viscosity on Spermatozoal
Motility.
Buffered media of various viscosities were adjusted
by the addition of methyl cellulose. The seminal
plasma restored-spermatozoal motility is included
for comparison. Three points A, B and C representing
the motility at plasma concentrations of 10-3, 10-2























RelativeTotal Number of Sperm
Entered Magnitude
None 4,327 ± 1,187 1.0
10-1 Seminal Plasma§ 25,444 ± 1,457 5.9
10-1 Seminal Plasma f
24,562 ± 1,51810-6 Cycloheximide 5.7
23,292 ± 1,3093x10-6 Cycloheximide 5.4
10lJ Cycloheximide 22, 681 ± 1, 218 5.2
3x10-5 Cycloheximide 26,041 ± 2,073 6.0
23,496 ± 1,02110-4 Cycloheximide 5.4
3x10-4. Cycloheximide 25,473 ± 815 5.9
10-j Cycloheximide 24,406 ± 1,240 5.6
*Spermatozoa were washed 4 times with isotris buffer before assays.
§Freshly purified seminal plasma was used.
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component(s) may simply act through a straight forward
incorporation process such as interacting with the sperm-
atozoal cell membrane to restore the motility.
DISCUSSIONS
We have documented a change in the swimming profile
of ejaculated spermatozoa after washings. A change of
swimming profile in caput epididymal spermatozoa was also
noted by Mooney et aZ. (1972) in the process of develop-
ment. This change when'quantitized in our assay as the
forward motility can be restored by some factor(s) in the
seminal plasma. The factor(s) is cold stable but heat
labile and maintain full restorating ability even on de-
hydration. It is a macromolecule but requires some
dialysible species for full restoring ability. When this
finding is combined with those observations reported by
Acott and Hopkins (1978), the forward motility component
is most likely to be a proteinous moiety.
There are at present many studies to disclose the
nature of some of the proteins occurred in the semen.
One of this finding is that most proteins of epididymal
fluid and seminal plasma have antigens in common with
blood serum (Alumot et aZ., 1971). And that several
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proteins in epididymal fluid of different species were
unique and not found in other body fluid (Hung and
Johnson, 1975). This suggests that the tissue of the
epididymis can secrete specific proteins into the lumen
of the epidid.yma l duct. Such secretion is by far
locationally dependent since the relative concentration
of protein secreted at different locations in the epididy-
mis from caput to caudal varies (Crabo and Hunter, 1975).
Furthermore, the presence of spermatozoa in the lumen was
found to be effective in stimulati,..g the secretion of
these proteinous substances.
What is the role played by these unusual proteins?
Economically speaking, they should contribute to the
normal growth and function of the spermatozoa. Acott and
Hoskins' report on the finding of the role of a forward
motility protein is the first report on this kind. Our
finding in boar suggests a universal presence of such a
protein(s). There are somehow, some minor specificity
difference in the boar protein being heat labile. Unlike
their studies, with caput epididymal spermatozoa, we
used washed ejaculated spermatozoa in which no stimulation
of endogenous CAMP pool is needed. We did, however, show
in chapter IT that an addition of phosphodiesterase inhi-
bitor does indeed magnify the motility effect. The fact
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that caput epididymal spermatozoa requires stimulation
of cAMP generation is because of the insufficient cAMP
pool in those less mature spermatozoa. The importance
of both observations is that even with adequate cAMP
pool, no forward motility restoration is observed unless
the forward motility protein is present (see Chapter
II). This is, in fact, by far the most convincing
evidence of the function of the forward motility protein.
Tentatively, this protein acts by exerting its action on
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ABSTRACT
Early report by Kopp et aZ. have demonstrated that p-nitro-
phenyl glycerol (PNPG) is an effective antiswarming agent in Proteus
and that this inhibition may have been caused by PNPGinterfering
with the negative chemotaxis mechanismILL the organism. With an
inverted capillary assay, designed to test the i:otility response of
rat epididymal spermatozoa to various suspending conditions includ-
ing those exposed to chemical gradient, PNPGwas shown in. tiis study
to exhibit an inhibitory effect at slightly higher than 10 M. More-
over, this inhibitory effect appears to have stemmed from spermatozoa
being repelled by PNPGas indicated by the observation that signif i-
cantly less spermatozoa swim into a gradient of PNPG. The possibility




Eggs are fertilized by the fastest swimming, target aiming
spermatozoa and until then, no development will take place. It
was reported that spermatozoa exhibit chemotactic behavior (1).
Similar to this oriented motility phenomenon, the procaryotic
bacteria respond to various chemicals chemotactical.ly and their
sensing mechanism have been intensively studied (2, 3). Many
chemicals at sublethal concentrations, have also been shown to
have an effect on the bacterial swimming patterns. in our
general survey for antimotility and hopefully antifertility
compounds, we have included those which interfere with the
organism's swimming patterns by repulsion or by suppressing the
putative positive chemotactic movement towards the target.
p--Nitrophenylgiycerol (PNPG) was recently reported to have an
antiswarming effect on Proteus contamination (4, 5). In this
communication, we report on the effect of PNPGin reducing
spermatozoa motility.
METHODS
Spermatozoa were collected from cauda epididymides of 270-
320 gm mature rats (Sprague-Dawley) and suspended in an isotonic
pH7.5 Tris buffer solution. Cell debris were removed by passing
the suspension through sterilized cotton cloth and the final
spermatozoa concentration was diluted to 10±2 million sperms per
nil. Only batches showing 40% or more sperms with rapid forward
motion observed microscopically were employed.
Chemicals used were of analytical grade and used without
further purification. p--Nitrophenyl-glycerol was purchased from
Sigma Chemical Co. and solutions were prepared by dissolving PNPG
in Tris buffer, pH7.5.
Spermatozoa motility was assayed by the inverted capillary
method similar to those used in'studying bacterial motility (6).
The capillary tubes for containing the test medium were 75 mm
long with an internal diameter of 1.1 - 1.2 mm(Kimble Co.,
Toledo, Ohio, U.S.A.). The capillaries were handled with forceps.
One end was sealed in a flame to minimise physical disturbance
due to convection and gravity. The capillary was then quickly
passed several times through the flame and immediately plunged
open end down into a small beaker (10 - 25 ml) containing about
5 m1 of PNPGdissolved in buffer medium. This capillary was
ready then to be inserted (without rinsing) open end first into
a small test tube (10 x 75 mm) containing the spermatozoa
suspension to a depth of approximately 2 mm. The temperature
was maintained at 24.5±0.5°C, which was reported to be in the
optimal temperature range for spermatozoa motility studies (7).
At the end of the experiment, the capillary tubes were carefully
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Fig. 1. Concentration affect of p-nitrophenyl.-g!Lycerol on
percentage of rat epididymal spermatozoa entered.
spermatozoa entered = x 100
Where N = number of spermatozoa captured in the
capillary tube
P1 = immersed in PNPGconcentration P1
b = immersed in Tris buffer
to,t = time intervals of zero and 15 min,
respectively
Figure 1 shows the reduction in numbers of spermatozoa
entering the capillary tube at various uniform PNPGconcentra-
tions (i.e., the PNPGconcentrations in the capillary and the
spermatozoa are equal) as a percentage of the number in the
control which contains no PNPG. It is apparent that the inhibi-
tory effect of PNPGstarts at a concentration slightly higher
than 10-5M. At 10-3 M. the percentage of spermatozoa entered
drops to approximately half of the control value. According to
the criteria used in the study of bacterial motility, the result
is due to inhibition of spermatozoa motility by PNPG. Microscopic




Kopp et al. suggested that the antiswarming effect of PNPG
in Proteus was its interference with the negative chemotaxis
mechanism. Such a suggestion has never been substantiated and
observations equivalent to the antiswarming effect on surface
growth was not found in liquid culture (5). Instead of follow-
ing this line, we decided it is more reasonable to investigate
PNPGas a repellent.
Table I
Comparison of Spermatozoa Movement under
Various Conditions
Assay Medium* inCase Spermatozoa Entered+Capillary Spermatozoa Suspension
1 Buffer Buffer 100 (Control)
2 PNPG PNPG 61 ± 8
Buffer3 PNPG 53 ± 4
PNPG4 Buffer 9 ± 9
Buffer = isotonic Tris buffer, pH7.5
PNPG = 103 M PNPG in isotonic Tris buffer, pH7.5
An average of three assays
Table I shows the percentages of spermatozoa entered under
various conditions, either uniform concentration or with a
chemical gradient. Case 2 shows a reduction in the percentage
of spermatozoa entered (61% of the control) at uniform 10-3M
PNPGconcentrate on. This is interpreted as due to inhibition
in motility as demonstrated to be concentration dependent in
Figure 1. However, when case 4 is compared with case 2 in
which spermatozoa are swimming into a gradient of PNPGas against
a uniform PNPGconcentration, a further lowering of spermatozoa
entry (61% to 9%) was observed. If the only effect of PNPGon
spermatozoa is motility inhibition, the spermatozoa entering
the PNPGgradient in the capillary will leave at a slower speed
(lower motility at higher PNPGconcentration) than the entering
speed, thus will result in a higher spermatozoa accumulation
than 61%. The present finding with spermatozoa entry equal to
a small fraction of the 61% supports the view that PNPG, besides
its motility inhibiting effect, may be in fact, repelling the
spermatozoa. Similar behavior has been firmly established in
bacterial chemotaxis (2, 3). It appears that spermatozoa posses
chemoreceptors specialised for detecting a PNPGgradient leading
to an avoidance reaction. While motility inhibition occurs at
a quite high concentration (10-3M), the repulsion takes effect
at some place outside the capillary tube where the chemical
concentration is much lower suggesting that this detection has
a higher PNPGsensitivity.
Case 3 gives lower than 100% entry, essentially in the same
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inhibition range as that assayed in uniform PNPGconcentration,
i.e., case 2. This is a situation where spermatozoa suspended
in PNPG, presumably a repellent as suggested in the above para-
graph, were provided with a capillary of refuge devoid of PNPG.
A lower percentage here than case 2 may indicate an adaptation
of-the organism underlying such a reduction.
DISCUSSION
In order to control growth in human population without
changing sexual patterns, the investigation of contraceptive
means has received world attention. Previously, several attempts
were directed.towards the development of antifertility drugs
(7-10). However, chemicals such as 1-(2, 4-dichiorobenzyl)-
indazole-3-carboxylic acid were found to be antifertile because
it creates a defect in spermatogenesis (11). The rationale for
suggesting spermatozoa repellents for potential contraceptive
studies is based on the finding that in bacterial chemotaxis,
the repellents, though usually toxic, do not seem to produce
any genetic defects in the offsprings. One of the best known
bacterial chemotactic repellents, acetate ion, is in fact a
carbon source nutrient (3). It is thus conceivable, that
spermatozoa repellents, whenever proved to be genetically and
developmentally inert, should provide a rich source of potential
contraceptives. .
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Sunnary. Using a convenient capillary tube assay, the antiswa rri ing
agent in Proteus, p-nitrophenylglycerol (PNPG), was found to have
produced an antimotility effect in sperms from rat cauda epididymides.
The normal motility pattern in some simple procaryotic flagellates,
such as Escherichia coli and Salmonella t himurium, can be altered
by the presence of many chemicals. These chemicals may exert their
effects at any one of the following levels: behaviourally active
compounds, including attractants and repellents, act by stimulating
chemotactic orientation in the organism3,4 : uncouplers inhibit motil ity
by shutting off the energy source5 while other compounds, though not
toxic enough to cause an immediate lethal effect to the organism, may
disintegrate the coordinated function of the flagella6. In addition
to these compounds, p--nitrophenylglycerol (PNPG) has recently been
reported to be an effective antiswarming agent in preventing
. Proteus contamination7' 8. Kopp et. aZ. observed PING had no effect
on the morphology or function of Proteus flagella and. suggested that
it may interfere with the mechanism of negative chemotaxis8. Similar
studies in finding out potential chemicals which can alter the
spermatozoa motility were also reported9. It appears now that a list
of motility-altering chemicals is available for a practical as well
as a mechanistic investigation of motility.
The fertilization of eggs in higher organisms requires an aim-at-
.target directional swimming performed by the randomly distributed
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spermatozoa. It has also been reported that chemotaxis is essential
for f ertilizationl10. Various attempts have been initiated to identify
effective male contraceptives which act in one way or the other to
stop ferti.lizationll-18. While many of these chemicals have
been investigated for their antispermatogenic effects, the approach
of inhibiting fertilization at the level of disrupting the directional
swimming should not be ignored. This report describes our study or_
the effect of PNPGin reducing spermatozoa motility.
Materials and Methods. Spermatozoa were collected from cauda epidi-
dymides of rats weighing 270-320 gm (Spraque-Dawley) and suspended
in an isotonic pH 7.5 Tris buffer solution19. Cell debris were removed
by passing the suspension through sterilized cotton cloth and the
final spermatozoa concentration was adjusted to 10 ±2 million sper-
matozoa per ml. The quality of the spermatozoa was monitored micros-
copically, so that only collections from batches with 40% or higher
spermatozoa expressing rapidly forward motion were employed.
Quantitative assay of spermatozoa motility was done using a method
similar to those employed in the study of bacteria motility2O. This
is a more convenient assay than that using flat capillary-tubes21.
The capillary tubes for containing the test medium were 75 mmlong
with an internal diameter of 1. 1 --- 1.2 mm(Kimble Co.,, Toledo, Ohio,
U.S.A.). The capillaries were handled with forceps. One end was
sealed in a flame to minimise physical disturbance due to convection
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and gravity. The capillary was then quickly passed several times
through the flame and immediately plunged open end down into a small
beaker (10 - 25 ml) containing about 5 ml of PNPGdissolved in buffer
medium. As the capillary cooled, liquid was drawn in about 25 - 35 n...
This capillary was ready then to be inserted (without rinsing) open
end first into a small test tube (10 x 75 mm) containing the sperma-
tozoa suspension (10 ± 2 million spermatozoa per ml) to a depth of
approximately 2 mm.
The temperature at which the motility was measured was kept at
24.5 ± 0.5°C, which has been reported to be within the optimal
temperature range for spermatozoa motil.ity22.
At the end of the experiment, the capillary tubes were carefully
removed from the cell suspension. Their contents were all emptied,
thoroughly mixed and alliquots were counted microscopically.
Chemicals used were of analytical grade and used without further
purification. p-Nitrophenylglycerol was obtained from Sigma Chemical
Co. and glycerol from Ajex Chemi Unilab. The chemicals at calculated
weights were all dissolved in the Tris buffer.
Results and Discussion. The capillary tube method in assaying anti-
lity has been broadly used in bacteria motility and chemotaxis
studies2094. In altered form, it has been applied to study sperm
penetration in cervical mucus as well22,23. Our results obtained by
the modified capillary assay indicate a linear proportional relationship
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of the sperm entry with respect to the first hour (Figure 1). This
measurement presumably correlates to the total number of forwardly
progressive spermatozoa and the slowly progressive one24. A back-
ground entry number of 2000-3000 spermatozoa apparently came from
some physical disturbance produced when the capillary tubes were
inserted. A subtraction of this background number from the total
gives the absolute number of spermatozoa entered by progressive
swimming. At longer incubation period, a reduction in the total
number of spermatozoa presumably indicates a sedimentation effect.
For comparison, the number of spermatozoa entered in 30 minutes
was recorded at various chemical concentrations (with a control).
This is expressed in Figure 2. PNPGhas a noticeable inhibiting
effect at about 10-4M. The half motility inhibition dosage (ID50 )
is 10-3M and at 10-1M, essentially all spermatozoa were nonmotile.
An experiment with glycerol, which protects sperms from cold damage25,
shows no inhibition at concentration up to 10_1M (Data not shown).
Because PNPGis known to be nontoxic to microorganism and we observed
no dysfunction to the morphology of the spermatozoa at these concen-
trations, it is concluded that it has a specific inhibiting effect on
spermatozoa motility.
Our preliminary study indicates the applicability of the capillary
tube assay in a general survey of potential hale contraceptive chemicals.
We have shown that PNPGhas an antimotility effect on spermatozoa
motility. Kopp suggested that PNPGacts by interfering negative
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chemotaxis8. In spite of our finding that spermatozoa motility is
inhibited by PNPG, there is no evidence, however, that spermatozoa
repel each other. Whether PNPGis in fact operating in an identical
manner as in Proteus to inhibit motility awaits further investigations.
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Legend to Figure 1: Total number of sperms entered capillary
tubes at various time period. The results from two experiments
were plotted ( 0 0 ). Assay conditions were as described in
Materials and Methods.
Legend to Figure 2: Motility inhibition curves The percentage was
obtained from dividing the total number of sperms entered the
capillary tube in 30 minutes in a uniform PNPGconcentration by
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